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LASER COMMUNICATION DEVICE 

This invention relates to communication systems and in 
particular to laser communication transceivers. This appli 
cation is a continuation-in-part application of Ser. No. 
07/935,899, entitled “Voigt Filter” ?led Aug. 27, 1992, of 
Ser. No. 08/199,115 entitled Laser Communication Trans 
ceiver and System ?led Feb. 22, 1994 and of Ser. No. 
081221527, entitled Point to Point Laser Communication 
Device, ?led Apr. 1, 1994. 

BACKGROUND OF THE INVENTION 

Free space laser communication originated in the mid 
1960’s shortly after the generation of light by the ?rst lasers. 
The ?rst successful laser communication up-link to space 
was achieved during a series of experiments conducted by 
NASA in the late 1960’s using a ground based argon laser 
transmitting to a photomultiplier optical receiver feeding 
data to an rf down link. Information was sent by Morse code 
at about one-half bit per second A limiting factor on free 
space laser communication is the presence of backgound 
light, mostly re?ected sunlight. Etforts have been made to 
develop very nan'ow-band ?ltm's matched to the operating 
wavelengths of available light weight dependable lasers. 
Some of these efforts are disclosed in “Selected Papers on 
Free-Space Laser Communication”, SPIE Milestone Series, 
Vol. M830. Global Positioning Systems (GPS’s) currently 
available provides latitude, longitude and altitude position 
based on analysis of radio ?'equency signals from orbiting 
satellites. 

What is needed is a laser portable communication trans 
ceiver device which could be used to transmit information 
point to point over distances ranging from a few feet to 
several kilometers. 

SUMMARY OF THE INVENTION 

The present invention provides a portable laser commu 
nication transceiver for transmitting and receiving informa 
tion imposed on laser beams. A communication signal is 
imposed on a laser beam having a divergence of between 
about 1 degree and about 4 degrees. The beamis directed by 
an operator, sighting through a telescopic viewing device, at 
a distant transceiver which collects light in the base‘ beam 
and extracts the communication signal. In preferred 

nts, the transceivers are handheld and each com 
prises a microphone and speakers or earphones allowing 
operators to talk with each other. Digital information can 
also be transmitted from personal computers and other 
electronic information equipment at the location of each 
operator. In a preferred embodiment useful for military and 
surveying applications, a GPS, a compass, a tilt gage and a 
laser ranging system is provided. This enables the updater 
to sight through a binocular to a target and determine its 
position in longitude, latitude and elevation. Target position 
information man then be transmitted to a distant transceiver 
which in this case could be a base transceivm'. 

Preferred embodiments weighs less than 1.3 pounds, use 
about 5 Watts of electrical power and transmit information 
at the rate of 100 kilobits per second at distances of sevm'al 
km through the atmosphere. At these data rates, voice and 
data transmission are both feasible. Other embodiments can 
transmit in excess of 1 million hits per second. These 
transceivers can be used for communication: ground to 
ground, ground to air, air to air, ship to ship and ship to air. 
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2 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic drawing of a preferred embodiment 
of the present invention. 

FIGS. 2 and 3 are two views of a preferred transceiver 
unit. 

FIG. 4 is a block diagram showing the principal electronic 
and optical components of a preferred embodiment of the 
present invention. 

FIG. 5 is a block diagram of a preferred embodiment of 
the present invention. 

FIG. 6 is a drawing of the device referred to in FIG. 1 in 
use. 

FIG. 7 is a block diagram showing the components laser 
transmitter referred to in FIG. 1. 

FIG. 8 is a cross section drawing of the above transmitter. 

FIG. 9 is a part a-oss section drawing part block diagram 
showing the receiver module of the above preferred embodi 
ment. 

FIG. 10 is a cross section drawing of a side-locked 
transmitter of a second embodiment of the present invention 
providing for additionally secure transmission. 

FIG. 11 is a drawing explaining the principal of Faraday 
and Voigt ?lters. 

FIGS. 12A, 12B and 12C show transmission specter of 
Voigt and Faraday ?lters compared to absorption’s spectrum 
of cesium. 

FIGS. 13A and 13B are drawings describing an alterna 
tive method of controlling transmission wavelengths. 

DE'I‘AIIED DESCRIPTION OF 
EMBODIMENTS 

Portable Laser Communication Transceiver 

The present invention permits covert free space commu 
nication using a very light weight low power transceiver. 
Information is can'ied on a low power laser beam having a 
divergence of about 1 to 4 degrees. Divergence in this range 

is small enough that the dispersion of the beamis and large enough that the beam’s “footprint” can cover the 

receiving unit without special aiming equipment other than 
ordinary hand held telescopic devices such as video 
cameras, binoculars and telescopes. 

Thelaserbeamwill dissipate anddegradeas afunction of 
the distance it travels through the atmosphere and embodi 
ments of the present invention can be con?gured for use 
and: a variety of atmosphu-ic conditions and distances. 
Signal to noise values should be large enough to permit the 
quality of communication desired, and the many factors 
aifecting signal to noise are considered along with factors 
such as cost and weight in developing particular products 
pursuant to the teachings of the present invention. Two 
speci?c embodiments of the present invention are described 
in detail in this speci?cation. The ?rst embodiment utilizes 
a conventional optical ?lter in the receive unit of the 
transceiver in order to ?lter out background light. 
(Conventional ?lters are relatively poor ?lta's as compmed 
to atomic line ?lters; however, they can be simple, cheap and 
generally present no operational problems.) The second 
embodiment described in detail utilizes a very narrow band 
atomic line ?lters with a dramatic improvement in signal to 
noise but the unit could be more costly to produce and 
signi?cantly more complicated A comparison of some of 
the principal features of these two embodiments is made in 
the following table: 
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Atomic Line Filter vs. Conventional Filter 

ALF CF 

Bandwidth 0.01 nm 3.5 nm 
Field of View Wide up to 60 Degrees Narrow, a Few Degrees 
Insertion Loss 60% 30% 
Size of Filter Several cm Th'mk 5 mm Thick Plate 
Power 5 W Unpowered 
Companion Laser Precision, Narrowband Frequency High Peak Power Pulsed Laser 

Locked Laser Diode 
General Description Costly, High Performance, Wide Relatively Inexpensive, Moderate 

Fbld of View Performance, Moderate Field of View 

FIRST EMBODIMENTS 
CONVEQTIONAL FHIERS 

Binocular Location-Communication Unit 

A preferred embodiment of the present invenn'on can be 
described by refa'ence to FIGS. 1 through 4. 

For this embodiment, Applicants have mounted a spe 
cially designed laser transceiver on a commercially available 
direction indicating binocular 101 supplied by Leica 
Technologies, Inc. having o?ices in Leesburge, Va. This 
binocular, sold under the trademark LEICA VECTOR, com 
prises a laser range ?nder, electronic compass and an elec 
tronic tilt gage. In addition, Applicants have incorporated an 
electronic GPS monitor and computer electronics and soft 
ware so that the operator can determine the latitude, longi 
tude and elevation of a point of interest merely by pointing 
the binoculars to it and recording its range, compass 
direction, tilt angle and GPS position of the operator. ‘The 
operator can then transmit the location information to a lasa' 
receiver by pointing the binoculars in the direction of the 
receiver and switching to a transmit mode. The laser trans 
ceiver is shown as 100 mounted on the LEICA VECTOR 
binocular 101 in FIG. 1. A more detailed view of the 
transceiver is shown in FIGS. 2A and B. The transceiver 
comprises laser communications receiver unit 108 and laser 
communication transmit unit 106. 

Transmit Unit 

Laser communication transmit unit 106 is designed to 
transmit information at the rate of 100 Kb/s on an 852 nm 
laser beam. The unit includes a GaAlAs pulse diode lasa 
103, Model 2100 provided by SDL with o?ioes in San Jose, 
Calif. It is cooled by thermoelectric code 102 which in turn 
is controlled by controller 94. It is important that the output 
of transmit unit 106 comply with eye safety requirements. 
This is accomplished in this at by allowing the 
beam from laser diode 103 to expand until the beam inten 
sity becomes eye safe. The beam is then transformed into a 
beamwithadivergenceinxandyofabout2°with 
cylindrical plane-concave lens (CVI RCC-40.0-25.4 
508.6-C PCCV CYL) and a plane-concave lens (Melles 
Gn'ot IPX161 PCVX). 
For eye safety, the wage intensity in any 7 mm circle 

must not exceed 2 mW/cm . At the transmitter output the 
beamfootprint is oval with dimensions of 10.8 mm and 43.2 
mm which is large enough so that a diode output of 10 mW 
(average power) will produce intensities less than 2 
mW/cm2 assuring eye safety. At 100 meter the beam 
diverges to about 3.8 in (horizontal) and 4.2 m (vertical). 
The approximate divergence of the beam is 22° in the 
vertical and 2.4° in the horizontal. Operators have no trouble 
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holding the beam on a companion transceiver with beam 
divergence in the range of about 2 degees. At less than 
about 1 degree, keeping the beam on target is di?icult and at 
more than about 4 degrees dispersion tends to be a problem. 

Receive Unit 

The laser communication receive unit 108 in this embodi 
ment is designed to receive digital free space laser commu 
nication at a wavelength of about 852 nm at the rate of 100 
kbits/sec. Interference ?lter 109 blocks a substantial amount 
of the background light but pmnits transmittal of light 
within the range of about 848 to 852 nm. 

Laser light at 852 nm from a transmit unit is collected by 
objective lens 110 re?ected o?’ turning mirror 114 and 
focused onto the 1.5 mm active area of avalanche photo 
diode 112. In this preferred embodiment Applicant utilizes 
commercial photo detecta model 06018 provided by Ham 
mamatsu with o?ices in San Diego, Calif. 
The high voltage pcwu' supply for photo diode Ais shown 

at 111. 

Electronic Components 

The principal electronic components of this prefared 
transceiva' are shown in block form in FIG. 4. The transmit 
controller 116 is a microprocessor, Model PIC 16C74-20L 
supplied by Microchip, with o?ces in Phoenix Ariz. Input to 
the microprocessor is provided by electronic output from 
Leica direction indicating binocular 101. The transceiver is 
also provided with connections to conned additional inputs 
to the transmit controller 116. This includes CCD 115 
connected through frame grabber 118. A prefa'red frame 
grabberisprovidedonadrcuitboardasamodelFF 
supplied by Crnrent Technology Inc. with o?ices in New 

A standard modem 120 may also provide input 
to the controller from electronic devices such as fax 
machines. Memory chips 122 and 124 and a clock chip 126 
also provide input to transmit controller 116. The transmit 
controller directs output electronic controller 94 which 
drives laser diode 90 to provide the transmit signal. 

Receiver controllu' 128 is also a miu'cprocessor like 
transmit controller 116. It receives input from avalanche 
photodiode 112 through receive eledronics 130. This pro 
cessor can also receive input from computer 132, GPS 
system 134, and other communication equipment repre 
sented in the drawing at 136. The receiver controller 128 
provides input to the transmit controller 116 and to speaker 
138 through audio system 140. 

Transmission of Information 

The transceiver unit described above is capable of trans 
mitting digital data at 100 kB/s as stated above. This 
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information transmitted includes voice communication by 
the operator, directional data from the LEICA VECTOR unit 
and GPS data. Applicants have provided parts in the unit to 
connect additional sotn'ces of information ?'om other elec 
tronic information equipment. Applicant’s preferred trans 
mission approach is to utilize pulse position modulation 
(PPM) in which the time interval between pulses is varied to 
transmit either a 1 or a 0. For example a 1 can be represented 
by a 10 microsecond interval between pulse rise times and 
a 0 can be represented by a 10.5 microsecond time interval 
between pulse rise times. 
Audio is processed by a National Semiconductor LM4830 

two way audio ampli?er system 140. The microphone output 
is ampli?ed by the LM4830. The audio is then ?ltered, 
compressed then digitized by the CD223S7 codec processor 
142. After processing in the codec processor, the digitized 
audio is retrieved by the transmit controller. There the digital 
signal is converted to a PPM code. After PPM coding the 
signal is sent to the laser diode driver 94 for transmission. 
When the operator desires to transmit the Leica data the 

data is time and date stamped and is shifted from the Leica 
by the transmit controller through operator operation of one 
of the switches 142 into the transmit controller. The data is 
converted to a PPM coded signal then sent to the laser driver 
electronics 94. The Leica data is transmitted with a 16 bit 
header identi?er that tells the receiver that it is receiving data 
and not voice. GPS data is transmitted as follows: The data 
is shifted into the receive controller via RS232 intm'face. It 
is then transferred to the transmit microcontroller which then 
places the dataintomemory witha time and date stamp on 
it. The data is transmitted as explained above for the Leica 
data. CCD camera data are digitized and stored in memory 
then processed as explained for the Leica data. 

Data from another transceiver is detected and ampli?ed 
with a Hamamatsu avalanche photodiode 112 which comes 
equipped with a preamp and high voltage Receive 
microcontroller 128 converts the PPM format to a binary 
format. The controller checks coding on the transmitted 
information to determine the type of data sent. The integrity 
of transmitted data may be checked using standard tech 
niques. The data may then be stored in memory. Data may 
also be transferred to compute‘ 132. Computer data may also 
be transmitted from the computer through controller 128 to 
controller 116. 

Ifvoice data is detected it is transmitted ?'om the receive 
microoontroller (after PPM to binary conversion) to the 
CODEC processor 142. The signal is converted in CODEC 
processor to audio and the dynamic range is expanded and 
ampli?ed and used to opa'ate spealmr 138. 

Provision can also be made for radio transmission and 
reception. This would be a very useful addition for those 
circumstances when laser communication is not possmle 
because of severe atmospheric conditions sud! as heavy rain 
orheavy smokeorifadirectlineofsightbetweenu'ans 
ceivers is not possible. An RF communication link is indi 
cated at 136 in FIG. 4. Data stored in memory units 122, 124, 
144 and 145 can be shifted from controller 128 via an RS232 
link into a radio transmitter such as a SINGCARS unit 
(SINGCARS are standard military radio units) or any one of 
many commercially available radio units. Voice communi 
cation could be directly through the radio unit. 

Other Embodiments with Conventional Filter 

By substituting a CCD camera for the binoculars and 
providing a monitor, the direction to a companion trans 
ceiver or a target could be shown with cross hairs on the 
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monitor if the target is in the camera’s ?eld of view or an 
indication could be provided on the monitor to prompt 
camera movement toward the desired direction. 

SECOND PREFERRED EMBODIMENTS— 
ATOMIC LINE FILTERS 

Preferred embodiments of the present invention using the 
atomic line ?lter can be described by refa'ence to FIGS. 5 
through 11. 

Filter Unit 

The general layout of one preferred embodiment of the 
present invention is shown in block diagram in FIG. 5 and 
in use in FIG. 6. The principal components are identi?ed in 
these ?gures. These components are a CCD camera 2, a 
Voigt ?lter wavelength locked laser transmitter 4, a receiver 
Faraday ?lter 6 and an electronic view?nder 26. Also shown 
as accessory components are a microphone 22 and an 
earphone/speaker 20. 

Wavelength Locked Laser Transmitter 

The elements of transmitter 4 are described in FIG. 7, 8 
and 9. Alaser beam is provided by 150 mWatt diode lasm' 40 
supplied by SDL. This laser with appropriate shaping optics 
produces a beam width divergence of 2 mrad and operates 
nominally at 852 nm wavelength. In this preferred 
embodiment, we lock the laser at one of the precise wave 
lengths at or very near 852.11 nm, which corresponds to the 
6s”2 ops,2 transition in cesium To do this, the laser system 
is con?gured into a wavelength controlled unit as shown in 
FIG. 7. This control is achieved using temperature control 
and current control of the laser and a Voigt ?lter 44. ‘The 
control of the laser is provided by thermoelectric heat pump 
41 and temperature controller 66. The output of diode 
element 40 passes through lens assembly 42 and through 
Voigt ?lter 44. Voigt ?ltu' 44 is similar to a Faraday atomic 
line ?lter except the magnetic ?eld is at a right angle to the 
beam direction. (The Voigt ?lter is described in more detail 
in a following section of this speci?cation.) A magnetic ?eld 
produced by permanent magnets 46 atright angle to the laser 
beam opa'ates on an atomic vapa' (in this case cesimn at 
about 100° C.) in order to provide four extremely narrow 
pass bands near 852 nm as shown in FIG. 12B. Crossed 
polarizers 48 and 50 stop essentially all limit which does not 
have its polarization rotated within the ?lter. The polariza 
tion of light near the atomic resonance is rotated 90° within 
the filter. Feedback mirror 56 passes 80 percent of the light 
incident on it and re?ects 10 percent. The 10 percent of the 
light is re?ected back into diode laser 40 forcing it to lock 
at the selected wavelength. The light beam passing through 
feedback mirror 56 passes through additional optics to 
convert the beam to a cirurlar polarization. These optics 
consists of a V: wave plate 58 to rotate the polarization to 
match an anamorphic prism pair 60 which cirurlarizes the 
beam. The resulting output is a 60 mW circularly polarized 
laser beam with a wavelength of 852. 11 nm and a divergence 
of about 2 rnrad. (This divergence results in a footprint with 
a 10 m diameter at a distance of 5 km). A feedback circuit 
63 is provided to control the diode current and maintain the 
output at the selected precise wavelength. 
The laser diodes we use are provided by SDL, Model No. 

SDL 542 l-Gl. The temperature of the diode is regulated by 
two Melcor FC 0.6-65-06‘1 thermoelectric heat pumps. The 
heat pumps are driven by a Wavelength Electronics FPT 
2000 thermoelectric cooler controller. The of 
the laser diode is maintained to within i0.05° C. of the 
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required temperature for optimum wavelength stability. The 
laser diode is driven by a low noise, voltage controlled 
current source. The current source used to drive the laser 
diode is from Wavelength Electronics FPL 250. The laser 
diode output is collimated with a Rodenstock 1403.108 lens 
and passes through the Voigt ?lter. The temperature of the 
cesium vapor cell is controlled by a Wavelength Electronics 
RHM 4000 Controller driving a Dawn Electronics DS 1112 
Heater with temperature sensor epoxied to the vapor cell 
body. The temperature is maintained at l02.5° C. to achieve 
the proper transmission spectrum. The transverse magnetic 
?eld of 610 gauss is supplied by two magnets (Dexte 
Permag #ND35570048) located on either side of the vapor 
cell. The ?eld is oriented 45° to the polarization of laser light 
and 90° to the beam direction. Corning 900-HC crossed 
polarizers stop all light which does not have its polarization 
rotated 90° within the ?lter. A CVI PRI-850-20-0537 par 
tially re?ective mirror is used to pass 80% of the light 
incident on it and re?ect 10%. A CVI QWPO-850.0-05-2 
half wave plate is used to rotate the polarization by 90° so 
that the polarization is perpendicular to the long axis of ?re 
laser light. This is necessary because a Melles Griot 
06-GPA-004 anamorphic prism pair is used to circularize the 
elliptical laser light. The input of the anamorphic prism pair 
is at Brewsters angle and there would be a 50% loss in light 
if the polarization were not corrected. A small portion of the 
laserlightisre?ectedotfthe input surface ofthe anamorphic 
prism pair. An Advanced Photonix SD-1004121731 ampli 
?ed photodiode 62 is used to detect this re?ected light. The 
signal is used for closed loop control of the laser transmitter 
output and wavelength. 
The microcontroller 68 is used to monitor and control all 

functions of the laser transmitter. Upon power-up it insures 
that no modules are enabled, the shutter is closed and all 
supply voltages are present. After a period of two seconds it 
will accept a laser enable command. When the enable 
command is received, the locking and receive oven heaters 
and the thermoelectric heat pump will be enabled. When the 
microcontroller senses the locking oven has reached 80° C. 
the laser diode arrrent drive module will be enabled This 
will allow the electronics to be stabilized when the locln'ng 
?lter has reached its operating temperature of l02.5° C. 
When the oven reaches 95° C. the microcontroller will ramp 
the laser diode drive current up and down by driving a 
sixteen bit upldown counter. The counters output is con 
nected to a digital to analog convert: whose output drives 
the input of the voltage controlled current source. The 
current source 64 is a Wavelength Electronics FPL-250 
current driver. Output monitor photodiode is and 
sent to the micro controller 68. ‘The micro controller will 
(hive the laser diode current up or down searching for the 
peak output as sensed by the output monitor photo diode. 
Once the maximum output is detected the micro controlla 
will then control the output drive current to maintain maxi 
mum light output from the lasa- assembly. The output of the 
laser is sampled every ten seconds and compared with the 
previously sampled output and the current is changed to 
maintain a constant output if there is a difference of 15 
percent or more. If the current controller does not deter: any 
light output from the last:- it will then change the temptin 
tnre of the lasa- diode in one half degree increments while 
ramping the current above and below the predetermined set 
pointofthe laseruntillightis detectedfromthelaserAtthat 
point the peak power output algorithm is initiated. In 
between the laser output signal conversions the lasa- tem 
peramreandoventemperamrearedigitizedandstoredThis 
is done to note any fault conditions and so that the previous 
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operating conditions will be stored and used the next time 
the transceiver is used. This will decrease warm up time by 
using previously known operating conditions. The laser 
current is also digitized and stored for the same reason. 

Imposing Signal on Beam 

The audio output from at the microphone is ampli?ed by 
a National Semiconductor LM 4830 Audio System IC then 
?ltered, compressed and digitized by a Harris Semiconduc 
tor PCM Codec IC Model CD 22357A. The digital output of 
this integrated circuit is then sealed to the proper level to 
drive the laser diode. With a voltage to current scaling factor 
of 40 millivolts per milliamptne, the ?ve volt digital is 
scaled to 200 millivolts (5 mA). This 200 millivolt (5 mA) 
digital signal is then summed with the steady state laser 
diode drive can-rent. The result is that for each signal pulse 
the wavelength of the laser beam is shifted oil‘ the transmis 
sion peak so that there is no transmission. The net result is 
the transmission of a digitally modulated laser beam as 
shown at 27 in FIG. 6. 

Data Interface 

The input from a terminal a- host computer can also be 
transmitted by the laser. This involves converting the data 
formatto a’ITL(0to 5 voltlevel) and then shifting ittothe 
200 millivolt level required to shift the laser wavelength. In 
this instance it was decided to use the RS-232 format for 
data transfa', though any numba of data formats could have 
been selected. A Maxim # MAX-233 RS432 to 'ITL con 
verter integrated circuit board was used in this device 
because it requires few support components. 

Receiver Unit 

The principal element of the receiver unit of embodiment 
shown in FIGS. 5 and 6 are shown in block and cross section 
form in FIG. 9. Signal beam 1 enters Faraday ?lter unit 6 
through polarizu‘ 70 which polarizes the light in a horizontal 
diredion. An axial magnetic ?eld created by magnet 80 
opm'ating on cesium vapor heated to about 102° C. by heater 
76 in vapor cell 74 causes arotation of only thatportion of 
the light spectrum at wavelengths at sharp Cs absorption 
lines near 852 nm. ‘That light which was so rotated passes 
throughverticalpolarizer72andisre?ectedoifmirror78 
onto an Advanced Photonix APM-ZO avalanche photodiode 
83. Other light is blocked by vertical polariza- 72 and 852 
nm narrow band ?lter (Andover #850FS40-l2.5) 82. The 
detectedsignalis ampli?ed, shapedthen convertedtoa'ITL 
level bypulse shaper84. Ifthe signal is audio, the signal is 
decoded and processed by a Harris Semiconductor 
CD22357A Codec IC then ampli?ed by a National Semi 
conductor LM4830 Audio System IC. If the signal was a 
data transmission then it would be converted to a 178-232 
level by a Maxim MAX-233 integrated circuit (or otha' 
standard RS232 drive/receiva- 1C) for input to a computa 
92. 

Side Locked Last: 

The advantage of the in line locked laser and the side 
locked laser transmitters is that only a very small modulation 
current is required to modulate the laser. With the in line 
locked laser, as the wavelength is shifted out of the pass 
band of the locking ?lter there will be no signal output. If the 
signal is intercepted the digital modulation would easily be 
detected. 
The side locked laser has the added feature of a continu 

ous output signal with no apparent form of modulation. The 



5,801,866 
9 

theory of operation is as follows. Referring to FIG. 10, the 
laser current drive source, laser temperature control, and 
oven temperature heating and control are identical to the 
type used in the in-line transmitter described previously. The 
laser light emitted from the laser diode assembly 40 is 
collirnated and passes through a non polarizing beamsplitter 
45. Fifty-?ve percent of the light is transmitted and circu 
larized by an anamorphic prism pair. The remaining 45% of 
laser light is turned 90° and directed through a Voigt ?lter. 
The light that is in the pass band of the Voigt ?lter 44 is 
passed through the ?lter and onto a partially re?ecting 
mirror 56 which re?ects about 90% of the light. The mirror 
is aligned such that the light is re?ected back through the 
locking ?lter onto the beamsplitter and back onto the laser 
diode. The light re?ecting into the laser forces the laser to 
lase at the transmission peak of the Voigt ?lter. A small 
portion of the light that is incident upon the feedback mirror 
56 is not re?ected but passes through the minor. This light 
is detected by a photo diode 62 and used to control the output 
power and wavelength of the laser in the same manner as 
that of the in-line ?lter. Because the locking ?lter is not in 
line with the transmitter laser light, and the light is shifted 
out of the pass band of the Voigt ?lter, it is not blocked by 
the ?lter providing a continuous output. The signal is 
imprinted on the beam by a slight shifting of the drive 
current of the laser diode, which has the e?’ect of slightly the 
shifting the signal wavelength out of the Faraday ?lter 
passband. This makes detection of the signal easy by the 
receive unit but an “eavesdropper” (even if able to intercept 
the beam) would not be able to detect the signal unless he 
also had an atomic line ?lter (ALF) matched to the locked 
wavelength. 

Faraday and Voigt Filta's 
Operational principles of our Faraday ?lter can be under 

stood by refu'ence to FIG. 11. Crossed polarizers 90 and 91 
serve to block out background light with a rejection ratio 
better than 10-5. We use high transmission polarizers which 
have a transmission of higher than 95%. Because these 
polarizers only work over a limited wavelength region in the 
in?'ared, a broad band interfm'ence ?lter is used in conjunc 
tion with the Faraday ?lter. Between the polarizers an atomic 
vapor (in this case cesiumhaving a strong resonance near the 
wavelength of the beacon beam) in a magnetic ?eld axially 
aligned with the path of the beam rotates the polarization of 
the beacon laser signal by 90°, while leaving other wave 
lengths unrotated, and thus blocked by the polariza's. The 
path of the transmitted light is unatfected, so spatial infor 
mation is maintained. 

Polarization rotation is due to the separation in optical 
absorption frequencies for right and left circularly polarized 
light in the magnetic ?eld due to the Zeeman e?‘ect. The 
index of refraction of the vapor near an absorption is 
dilferent from 1, and the absorption separation causes the 
index to be different for right and left circular polarization at 
a given ?'equency, and thus those polarizations travel 
through the vapor with a different phase velocity. The e?‘ect 
of this is to cause a frequency dependent rotation in the 
polarization of the incoming linearly polarized light which 
only occurs near the atomic absorption peak. Transmission 
through the ?lter is maximum where the polarization rota 
tion is 90°, 270°, etc, provided that the frequency of the 
beam is far enough away from the atomic resonance not to 
be absorbed. The Voigt ?lta‘ is similar to the Faraday ?lter. 
In the Voigt ?lter, a magnetic ?eld is arranged so that the 
?eld lines are perpendicular to the beam direction. The vapor 
acts like a half wave plate rather than a Faraday rotation to 
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achieve 90° polarization rotation. Transmission spectra in 
the range of 852 nm for cesium for the Faraday ?lter is 
shown in FIG. 12A and that for the Voigt ?lter is shown in 
FIG. 123. (‘This spectrum is saturated with the laser power 
used in the locked beacon.) Note that the transmission peaks 
are much sharper in the Voigt ?lter as compared to the 
Faraday ?lter. We use this to our advantage when we pick 
the Voigt ?lter to lock our beacon transmitter laser and when 
we pick the Faraday ?lter for use in our receiver unit. This 
allows us to accommodate for Doppler shifts due to relative 
velocities of the satellites. In our preferred embodiment we 
can operate one of our beacon lasers at the lower ?'equency 
designated as 98 in FIG. 12B and the other one at the higher 
frequency 99. This allows us to accommodate both 
approaching and receding satellites. If we know the receiv 
ing satellite is approaching we can set both beacons at the 
lower peak 98. The transmission spectrum for cesium vapor 
absent a magnetic ?eld is shown in FIG. 12C. The path 
length through the cesium vapor is 1 an in both cases. The 
Faraday ?lter is operated at a temperature of 121° C. and in 
a magnetic ?eld of 50 gauss as shown on the ?gure. The 
Voigt ?lter is operated at 95° C. and 600 G. 

Alternate Transmitter Wavelength Control 
FIGS. 13A and 13B describe an alternate method of 

controlling the transmission wavelength of the transmitter to 
nmtch the known pass band of the receiving unit’s Faraday 
atomic line ?lter a sketch of which is shown in FIG. 13B. In 
this setup an SDL 5712-H1 distributed Bragg re?ector laser 
diode 154 is controlled with temperature controller 156 and 
current controller 158. Temperature controller 156 controls 
the temperature of the laser at a constant (within 0.050 
degrees C.) temperature in the range of about 25 degrees C. 
Feedback control is achieved with current controller 158. 
Microcontroller 160 keeps the current at a value, as indi 
cated by the vertical dashed line in FIG. 1313 to match a 
lmown transmission peak in the receive unit’s atomic line 
?lter. A portion of the laser beam is sampled and run through 
cesium absorption cell 162 and detected by photodiode 152. 
As shown in FIG. 13B a current matching the second ALF 
transmission peak is about 75 the distance between the 
cesium cell two absorption peaks of the cesium cell as 
detected during periodic (once per 10 seconds) calibration 
scans of photodiode 152. The scans take about 10 ms. 
While the above description contains many speci?cs, the 

reader should not construe these as limitations on the scope 
of the invention, but merely as exempli?cation’s of pre 
ferred nts tha'eof. Those skilled in the art will 
envision many other possible variations are within its scope. 
For example, persons skilled in the artwill be able to make 
changes appropriate for communicating over shorter or 
longer distances than those referred to in the examples. 
Based on the application of the transceiver appropriate 
telescope or other lens equipment can be added to the 
transmitter unit, the receiver unit and/or the video unit as 
shown at 7 in FIG. 5. Accordingly the reader is requested to 
determine the scope of the invention by the appended claims 
and their legal equivalents, and not by the examples which 
have been given. 

I claim: 
1. A laser communication transceiva' for transmitting 

information via laser beams to another laser communication 
transceiver and for receiving information via laser beams 
from said another laser communication transceiver, said 
transceiver comprising: 
A) a laser transmitter system comprising: 

1) at least one laser operable to produce a signal laser 
beam of a selected range of wavelengths; 
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2) a signal modulator disposed relative to said laser and 
con?gured to modulate said signal laser beam to 
impose a digital communication signal on said signal 
laser beam; 

B) a laser receiver disposed relative to said laser trans 
mitter system and con?gured to receive a laser beam 
having a selected range of wavelengths from said 
another laser communication transceiver comprising: 
1) an optical ?lter closely matched to at least one 
wavelength of said received laser beam, 

2) a signal detector operable to receive and detect 
communication signals that are transmitted by said 
another laser communication transceiver through 
said optical ?lter; 

C) a telescopic viewing device operable to locate said 
another similar laser communication transceiver and to 
facilitate pointing said transceiver in a direction of said 
another laser communication transceiver; and 

D) a laser ranging unit, a GPS unit and an electronic 
compass. 

2. Alaser communication transceiver as in claim 1 further 
comprising a tilt gage. 

3. Alaser communication transceiver as in claim 1 further 
comprising a microphone and earphones. 

4.Atransceiveras in claim 1 furthercomprising avideo 
camera and an electronic view ?nder. 

5. Atransceiver as in claim 1 furthu comprising a speaker. 
6. A transceiver as in claim 1 wherein said laser receiver 

comprises a photo diode, a preampli?er, a frequency to 
voltage converter and a data converter for detecting said 
communication signal and distinguishing said signal as 
sound or digital data suitable for input to a computer. 

7. A laser communication transceiver as in claim 1 
wherein said telescopic viewing device comprises a binocu 
lar. 

8. A laser communication transceiver for transmitting 
information via laser beams to anotha' laser communication 
transceiva' and for receiving information via laser beams 
from said anothm laser communication transceiver, said 
transceiver comprising: 
A) a laser transmitter system comprising: 

1) a Voight ?ltm'; 
2) at least one laser disposed relative to said Voight 

?lterandopa'abletoproduceasignallasu'beamof 
a narrow band of wavelengths which is locked at or 
near 852.11 nm using said Voight film’; 

3) a signal modulator disposedrelative to said laser and 
con?guredtomodulatesaidsignallaserbeamto 
impose a digital communication signal on said signal 
laser beam; 

B) a lasa- receiver disposed relative to said laser trans 
mittu' system and con?gured to receive a laser beam 
having a selected range of wavelengths from said 
another laser communication transceiver comprising: 
1) an optical ?lter closely matched to at least one 
wavelength of said received laser beam, 

2) a signal detecta- operable to receive and deter: 
communication signals that are transmitted by said 
another laser communication transceivm' through 
said optical ?lter; and 

C) a telescopic viewing device operable to locate said 
another similar laser communication transceiver and to 
facilitate pointing said transceiva in a direction of said 
another laser communication transceiver. 

9. A laser communication transceiver for transmitting 
information via laser beams to anothu' lasm' communication 
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transceiver and for receiving information via laser beams 
from said another laser communication transceiver, said 
transceiver comprising: 
A) a laser transmitter system comprising: 

1) at least one laser operable to produce a signal laser 
beam of a selected range of wavelengths; 

2) a signal modulator disposed relative to said laser and 
con?gured to modulate said signal laser beam to 
impose a digital communication signal on said signal 
laser beam; 

B) a laser receiver disposed relative to said laser trans 
mitter system and con?gured to receive a laser beam 
having a selected range of wavelengths from said 
another laser communication transceiver comprising: 
1) an atomic line ?lter con?gured to provide a noise 

equivalent bandwidth of less than 0.1 nm and to have 
a transmission band closely matched to at least one 
wavelength of said received lasa- beam; 

2) a signal detector operable to receive and detect 
communication signals that are transmitted by said 
another laser communication transceiver through 
said atomic line ?lm; and 

C) a telescopic viewing device operable to locate said 
another similar laser communication transceiver and to 
facilitate pointing said transceiver in a direction of said 
another lasu' communication transceiver. 

10. A laser communication transceiver as in claim 9, 
wherein said narrow band of wavelengths is produced with 
a distributed Bragg re?ector laser diode with feedback 
control. 

11. A transceiver as in claim 9 whm'e said receiver atomic 
line ?lta' is a Faraday ?lter. 

12. A transceivm as in claim 9, whu'ein said receiva 
atomic line ?lter is a Voight ?lter. 

13. A laser communication transceiver for transmitting 
information via laser beams to another last: communication 
transceiver and for receiving information via laser beams 
from said anotha' laser communication transceiver, said 
transceiver comprising: 
A) a laser transmitter system comprising: 

1) a Faraday ?lter; 
2) at least one laser disposed relative to said Faraday 
?lterandoperabletoproduceasignallaserbeamof 
a nan'ow band of wavelengths which is locked at or 
near 852.11 nm using said Faraday ?lter; 

3) a signal modulator disposed relative to said laser and 
con?gured to modulate said signal laser beam to 
impose a digital communication signal on said signal 
laser beam; 

B) a lasa- receiver disposed relative to said laser trans 
mittu' system and con?gln'ed to receive a laser beam 
having a selected range of wavelengths from said 
another lasa- communication transceiver comprising: 
1) an optical ?lta' closely matched to at least one 

wavelength of said received laser beam, 
2) a signal detector operable to receive and detect 

communication signals that are transmitted by said 
another laser communication transceiver through 
said optical ?lter; and 

C) a telescopic viewing device operable to locate said 
another similar laser communication transceiver and to 
facilitate pointing said transceiver in a direction of said 
another laser communication transceiver. 


